In recent years, there has been considerable interest in non-thermal milk processing. The 22 objective of the present study was to assess the efficacy of two non-thermal technologies 23 (manothermosonication; MTS, and pulsed electric fields; PEF) in comparison to thermal 24 pasteurisation, by assessing the microbiological quality of each of these milk samples post-25 processing. Homogenised milk was subjected to MTS (amplitude; 27.9 µm, pressure; 225 26 kPa) at two temperatures (37°C or 55°C), before being immediately treated with PEF 27 (electric field strength; 32 kV/cm, pulse width; 10 µs, frequency; 320 Hz). Thermal 28 pasteurisation (72°C, 20 s) was included as a control treatment. Microbial content of each 29 milk sample was monitored over a 21-day period. It was determined that milks treated with 30 MTS/PEF at 37°C and 55°C contained lower microbial levels for a certain duration, but after 31 14 days milk which had been pasteurised by conventional methods contained significantly (P 32 <0.05) less microorganisms. However, milks treated with MTS/PEF contained significantly 33 (P<0.05) fewer microorganisms than raw milk at each time point. Although not as effective 34 as thermal pasteurisation, the present study demonstrates the ability of MTS/PEF treatment to 35 reduce microbial content of milk, while avoiding prolonged heat exposure to temperatures 36 such as those used during conventional (thermal) pasteurisation. 37 38 39 Keywords: non-thermal processing, manothermosonication, pulsed electric fields, milk, 40 microbiological quality.
co-linear treatment chambers with a refrigerated cooling module integrated; these cooling 142 sections were present following the first and third chambers. Each chamber held two co-143 linear stainless steel electrodes separated by a 5.0 mm gap, with the electrode diameter being 144 3.0 mm, which resulted in a total treatment volume of 0.106 cm 3 . PEF treatment was applied 145 using monopolar square-wave pulses (10 µs pulse width, 320 Hz frequency). The EFS was 146 32kV/cm and the total treatment time was determined to be 127 µs. The product temperature 147 was recorded using thermocouples (Testo 925, Testo AG, Lenzkirch, 148 Germany) both before and after the treatment module, and was never allowed to exceed 37ºC 149 or 55ºC depending on the treatment being applied. Following treatment with MTS/PEF, milk 150 was collected in a sterile glass bottle and stored at 4°C until required. 
Microbiological Analysis

159
The microbial content of all milk samples (i.e. raw and post-processing with MTS/PEF or 160 thermal pasteurisation) was monitored at defined time points (days 0, 2, 5, 7, 9, 14, 21 Firstly, temperatures of milk before and after MTS and PEF treatments were noted 191 during each experiment and the average calculated (n=3). For milk treated at 37ºC, milk 192 entered the MTS chamber at 37ºC (± 0ºC) and left the MTS system at 36.5ºC (± 0.5º C). The 193 milk then cooled to 25.7º C (± 0.5º C) before entering the PEF system, and the average 194 temperature post-PEF processing was 32.1ºC (± 3ºC). In the case of milk treated at 55ºC, 195 milk entered the MTS system at this temperature (± 0ºC), and left the MTS chamber at 57ºC 196 (± 0.4ºC). The milk subsequently cooled, before entering the PEF system at a temperature of (Figure 1) . On days 5, 7 and 9 the TVC of milk treated at 37°C was not found to be 202 significantly different from the TVC of milk that had undergone conventional pasteurisation 203 (P>0.05). However, after 21 days, the 37°C and 55°C MTS/PEF treatments were found to 204 have a significantly higher TVC than milk that had been pasteurised using the HTST method 205 (P<0.05). The TVC of raw milk was found to be c. 2×10 8 CFU/ml after 21 days. The average 206 TVC of milks treated at 37°C and 55°C after 21 days were found to be 9.34×10 6 and 207 6.58×10 6 , respectively. These values were significantly (P<0.05) higher than that of Jayaram, & Griffiths, 2011). In addition, PEF is a popular method for extending the shelf-life 290 of fruit juices (Walkling-Ribeiro et al., 2009a , 2009b , 2010 Yeom, Streaker, Zhang, & Min, 291 2000) and fruit juice-milk based beverages (Walkling-Ribeiro et al., 2008; Sampedro et al., 292 2009; Salvia-Trujillo, Morales-de la Pena, Rojas-Grau, & Martin-Belloso, 2011). Therefore, 293 combining PEF with other non-thermal technologies could represent an alternative approach 294 to improving microbiological quality and consequently prolonging the shelf-life of many 295 beverages, both dairy and non-dairy based.
296
Under the experimental conditions used in the present study for MTS and PEF, the 297 TVC values were reduced considerably following processing at both temperatures (37°C and 298 55°C), producing milk with a similar TVC to that of conventionally pasteurised milk. A study 299 by Villamiel and de Jong (2000) which assessed the total bacterial count of milk following 300 treatment with ultrasound (20 kHz) in a continuous-flow system reported reductions of 0.2, 301 0.6 and 2.9 log cycles following treatment with US at residence times of 34, 56 and 102 302 seconds, respectively, inside the treatment chamber. In addition, the temperatures reached 303 during these treatments were 48.6°C, 62°C and 76°C, respectively. These inactivation values 304 are much lower than those of the present study, where only mild heat was applied during 305 MTS/PEF treatment (i.e. 37°C and 55°C). In the same study by Villamiel and de Jong (2000), 306 milks which had been processed at 62°C in a continuous flow ultrasound system or in a of Agricultural and Food Chemistry, 48 (10) , 4597-4605. 
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